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Abstract

This study aims at: i) analytical evaluation for heavy metals, phenols and microorganism as well
as fungus contamination of municipal waste from Hanoi City (Vietnam); ii) application gamma
radiation technology to disinfect the material for re-using it as a carrier for microbial inoculant.

The study have been conducted with the municipal waste which was primirily processed at a
waste treatment station and it contains main components such as total organic carbon, nitrogen,
phosphorus, potasium, silica of 36.8%, 0.45%, 0.81%, 0.65% and 25.4%, respectively. The content of
heavy metals such as Pb, Hg, As, Ni, Cu, Zn, Cr etc. of the waste was quantified by the XRF technique
and it was found to be 169.4, 0.2, 18.6, 40.8, 149.4, 365.1 and 101.4 mg/kg dry weight, respectively.
The phenolic contamination content of the waste was evaluated by GC-FPD technique and it is lower
than the detection limit (0.1 mg/kg) of the FPD.

Total aerobic microorganisms and fungus populations in the waste were found to be 1.4.10^
cell.g-1 and 0.54.10^ CFU.g"', respectively, while pathogen was not found.

Irradiation technology was applied to disinfect the material and experimental results show that
the effective dose (Deff) in this case should be as high as 50-55 kGy.

It appeared that the municipal waste from Hanoi city with its high organic matter content
followed by irradiation disinfection is quite suitable for the re-use as a carrier in biofertilizers. The
irradiation disinfected municipal waste based inoculant are expected to be able to store for a long
period of time before the contaminating microorganisms and fungus could recover.

Introduction

The data issued by the Urban Environment Company (URENCO, Hanoi City) show
that, every day, about 2,000 m3, equivalent to 1,000 tonnes of waste is eliminated in to the
environment of the city with about 2 millions population [1]. From this amount, the
URENCO is able to collect only a half for processing and re-using, but the rest amount of the
waste is still spilt everywhere in the city. In Vietnam, municipal waste gathering and
processing, at the present, remains so many problems which have to be solved to improve the
environment of big cities such as Hanoi, Haiphong, Hue, Danang, Ho Chi Minn. Up to now,
in the country, dumping and then bury in selected areas is the common method to eliminate
the gathered garbage. Actually, this could lead to the contamination of surface as well as
ground water as it was found out in some places around Hanoi.
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In 1994, the URENCO set up (with an assistance from the UNDP and the Government
of New Zeland) a station for municipal waste processing with a yearly capacity of 30,000
tonnes waste. The processing technology applied there is the traditional fermentation.

It could be expected that the compost obtained after the waste processing has high
content of organic matter suitable for soil improvement. However, up to now, the level of
heavy metals such as Pb, Hg, As, Zn, Cu etc. generated from both daily human and industrial
activities as well as biological, particularly pathogen colities, contamination was not yet
evaluated for the waste. Practice shows that the compost is a good media for microorganism
and fungi development.

During the past decate, in Vietnam, biological nitrogen fixation and phosphate
solubilizing inoculant are begun to introduce into farming practice. These biofertilizers have
been proved to be of high efficiency for legume and other cearal crops [2,3].

Experimental results of the study on the application of gamma irradiation to disinfect
soil peat carrier in the production of the inoculant show many advantages upon traditional
heat disinfection [4]. Radiation disinfection allows to simplify very much the technology of
the inculant production as the disinfection is carried out when the carrier has been already
packed into sealed packages. Inoculation of N2-fixation and P-solubilizing microbial strains
into the carrier can be performed under close conditions, thus the possibility of re-
contamination is practically eliminated. This makes the inoculant possible to store for a long
time period before contaminating microorganisms could recover and compete with the
inoculated microorganisms/fungus. Moreover, it was shown that under irradiation phenols
and dyes can be decomposed [5].

The aims of this study are: i) analytical evaluation for heavy metals, phenols and
microorganism as well as fungi contamination of municipal waste from Hanoi City
(Vietnam); ii) application of gamma radiation technology to disinfect the material for re-using
it as a carrier for inoculant.

Experimental

1. The sampling strategy: The object of this study is the compost from the municipal waste
processing station of Hanoi city. The processing technology applied there is shown in Fig 1.
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FIG. 1. The diagramm of technological processes applied for municipal
waste processing at a waste processing station in Hanoi City.
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Particle size of the compost is < 1 mm. Samples were taken from 3 fermentation basins in an
amount of 50 kg each. These quantities then were thoroughly mixed. Samples for analyses
and radiation studies were sampled followed by the quartering strategy.

2. Elemental analysis: The content of elements including heavy metals was quantified by the
XRF technique with Cd activating source and Si(Li) detector [6]. Representative samples
were ground to particle size of < 0.1 mm and sprayed equally on plastic plates of 20 cm
diameter till the thickness of 0.15-0.17 mg/cm was obtained. The XRF spectra and data
processing program is the EMCALUS provided by IAEA.

3. The phenolic contamination analysis: Phenolic contamination in the waste is thought to be
generated from the decomposition of food residues contaminated with agrochemicals as well
as from wastes of leather, paint, plastic industries which located around the city. Analysis for
phenols was followed by the ISO-8615(1/1992) procedure [7]. According to the procedure,
waste samples (about 10 g) firstly were treated with alkali solution. Then the aqueous phase
was acidified and it was further subjected to the extraction with diethylether. Before all the
treatments, 10 ng of p-Bromophenol was spiked to the samples as an internal standard. The
organic phase obtained after the extraction was dried by passing it through a column packaged
with anhydrous Sodium Sulphate. The fraction of diethylether was evaporated in a rotary
evaporator and concentrated by blowing a gentle stream of nitrogen gas till 1 ml was obtained.
From this solution, 2 ul each time was injected into the Chromatograph GC14A (Shimadzu,
Japan) equipped with OV-1 capillary column (30m, 0.32 mm ID) and FPD. Data processing
was carried out on the Intergrator C-R4AX CHROMATOPAC of the GC 14A.

4. Analysis on microbial populations: The total aerobic microorganism and fungi population
in the waste samples were count by the dilution technique on the MPA and Czapex-Dox
media.

5. Radiation disinfection of the waste: The compost samples were dried to moisture content of
10-12%, then put into PE packages with a weight of lOOg. The samples were subjected to
irradiation on the Co-60 source (Institute of Nuclear Sciense and Techniques, Hanoi) with
doses of 1.9, 4.1, 5.3, 7.8, 10, 16, 25, 30, 40 and 50 kGy. The absorbed doses were determined
using Dichromate dosimeters with (8-10)% accuracy. After irradiation with certain dose, total
aerobic microorganisms and fungus survived were count in order to determine the effective
dose (DetT) - a radiation dose needed to reduce the initial microorganism/fungus population
down to <102 CFU.g"1 (Colony Forming Unit per gram), for the waste studied.

Results and discussion

Table I show some important compositions of the compost (Fig.l) which were
analyzed by chemical methods.

As seen from Table I, the compost of the processed waste from Hanoi city is a neutral
media (pHKCI = 6.6) that differs from soil peats usualy having pHKa value of 4-5. Moreover,
organic carbon as well as N, P, K content of the compost is high enough to support the
development of microorganisms and fungus. Jorgensen [8] has shown that municipal waste
from big cities of Canada, Sweeden and the USA usualy consist of 80, 77 and 65% of organic
carbon, respectively, i.e. it is much higher than that from Hanoi city. High organic matter
content of the waste is due to a large fraction of food residues in it. The data for Hanoi display
the urbanization character of the city. Thus, Silica as a part of construction materials presents
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TABLE I. SOME IMPORTANT COMPOSITIONS OF
THE COMPOST FROM HANOI CITY

Composition

Organic carbon

Inorganic carbon

Nitrogen

Phosphorus

Potasium

Silica

Moisture

pHKa

Content (%)

36.80 ± 0.50

5.70 ± 0.30

0.45 ± 0.01

0.81 ±0.04

0.65 ± 0.03

25.40 ± 0.50

13.50 ±0.50

6.6 ± 0.20

TABLE II. THE TYPICAL ELEMENT COMPOSITION OF
THE COMPOST FROM THE HANOI GARBAGE PROCESSING STATION

Element

Ca

Fe

K

Zn

Mn

Ti

Pb

Cu

V

Content

23 025 ±2 120

12 940 ±527

657 ± 25

365 ± 12

208 ± 32

190 ±25

169 ±23

149 ± 6

140 ±22

Element

Cr

Zr

Sr

Ni

As

Nb

Mo

Hg

Bi

Conlcnl

101 ± 14

83 ± 15

73 ± 4

41 ± 2

19± 2

5.0 ± 0.4

3.1 ± 0.4

0.21 ± 0.01

0.060 ± 0.006

in the waste with very high content, 25-26% (Table I). The urbanization character of the city
appears more impessively in the elemental composition of the garbage as shown below.

Table II presents the elemental composition of the compost analyzed by the XRF
technique. The data are expressed in mg/kg dry weight.

As can be seen from Table II, heavy metals in the waste of Hanoi city originate mainly
from construction materials residues. Cancium and Silica originate from mortar, but Fe, Zn,
Mn, Ti, Pb, V etc. from the construction steel dust. Fortunately, the content of very toxic
heavy metals such as Cr, Ni, As, Pb, Hg, Bi frequently used in the paint, plastic as well as in
leather industries, is relatively low. Jorgensen et al [8] revealed that the content of As, Cr and
Ni in waste from industrial cities of the USA is as high as 70, 115 and 70 mg/kg, respectively.
It could be supposed that the municipal waste at the Hanoi garbage processing station was
gathered mainly from inhabited areas where among with food residues the garbage contain a
significant fraction of construction materials. Nevertheless, it should be noticed that the
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municipal waste contain many elements needed as micronutritions of biofertilizers such as
Cu, Mn, Zn and Mo. Particularly, Mo was proved to be a microelement which stimulates the
nitrogen fixation effectiveness of bacteria [9].

Analyses for phenolic contaminations of the municipal waste show very low content
of the contaminants. In all samples studied, concentration of phenol and its derivatives such as
p-chlorophenol; m-chlorophenol; p-nitrophenol; 2,4-dichlorophenol; 2,3,5-trichlorophenol;
2,3,5-trichloropyridinol was below than the detection limit (0.1 mg/kg) of FPD. This can be
explained that, phenol and it derivatives have high volatilization pressure (10~3 -10"4 mm Hg,
depending on certain derivative [10]), so, in the environment of high temperature like in the
fermentation basins and under aeration, all phenols could completely volatilize. Thus,
composting seems to be a simple method to eliminate toxic phenolic contaminants from the
waste.

Biological analyses show that pathogen colities were not found for all the samples
studied, but the total aerobic microorganism and fungi populations in the waste is as high as
1.4xlO8 cell.g"1 and O.54xlO6 CFU.g"1, respectively. In our previous work [11], the respective
data for soil peat used to prepare the Nitragin, a nitrogen fixation inoculant for legume, were
found to be almost 10 times lower. Thus, it is expected that for radiation disinfection of this
waste, the disinfection dose could be much higher than that for soil peat.

Fig. 2 and Fig.3 show the effectiveness of gamma radiation disinfection of the waste.
From the dependences of the microbial survival on irradiation doses one can see the municipal
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FIG. 2. The survival of microorganism population in the municipal waste of
Hanoi City under various irradiation doses.

335



waste studied contain two groups of microorganisms/fungus. One group is more and other is
less sensitive to irradiation. The first group would be eliminated with a dose of 20-25 kGy but
for the last one the dose requires higher. From Fig.2 and Fig.3 one can estimate the effective
radiation dose (Deff) as high as 50-55 kGy. The effective dose is the dose that is required to
reduce a bacteria count down to <10 cell.g" and fungus density to less than 10 CFU.g" .

Experiments with soil peat disinfected by gamma irradiation show that Rhizobium spp
and Pseudomonas spp inoculated on this carrier would grow up from a population of 106 cell.
g"1 to 109-1010 cell.g"1 in 14 days after the inoculation. This population slowly decreases to
108-109 cell.g"1 after 6 months of storage at 18-22°C [11]. This has a great practical value,
because the long duration of storage time makes the products possible to meet the seasonal
demand of farmers. The survival of nitrogen fixation and phosphate solubilizing
microorganisms and fungus in the radiation disinfected municipal compost during the storage
time is under investigation at our Institute.
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FIG. 3. The survival of fungus in municipal waste of
Hanoi City under various irradiation doses.
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Conclusions

Some conclusions from the study can be drawn as follow:
1. The compost from the city garbage processing station in Hanoi city contains high organic
matter content as well as many usefull microelements such as Mo, V, Zn, Cu etc. needed for
the development of microorganisms and fungus.
2. The phenolic contaminations of the municipal waste of Hanoi city is lower than the
detection limit (O.Olmg/kg) of FPD in gas-chromatographic analysis, the total aerobic
microorganism and fungus populations are rather high - up to 108cell.g"' and 106 CFU.g"1 ,
respectively, but pathogen colities were not found.
3. The effective dose of gamma radiation disinfection of the waste is estimated as high as 50-
55 kGy.
4. The disinfected waste can be used as a carrier for nitrogen fixation and phosphorus
solubilizing inoculant.
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